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ARSTRACT

Margin calculations for Apollo 14 have been performed
using the communication system parameters available from the
Apollo 12 mission. The results of these calculations are tabu-
lated giving both the predicted power margins and also the max-
imum usable ranges of selected Apollo communications services.

Some of the results for non standard configurations
are the following:

1) Maximum range for color television with positive
margin, received at a DSN 210' station from the
bore sight of a CSM omni antenna is about 51,000
nm. Degraded pictures may be usable out to about
70,000 nm.

2) Low bit rate telemetry can be received up to

lunar range with a BER 210“6 by an MSFN 85'
ground station for transmissions from omni an-
tennas on both the CSM and the LM.

3) A DSN 210' ground station is required to receive
with positive margins, frequency modulated trans-
missions of dual FVA data from a IM steerable an-
tenna at lunar range.

4) A DSN 210' ground station is also required to
receive low power phase modulated transmissions

of 51.2 KBPS telemetry data with a BER =10_6 from
a LM steerable antenna at lunar range.
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MEMORANDUM FOR FILE

I. Introduction

Communications performance predictions have been
calculated for the CSM and LM downlink channels using the
Apollo 12 mission performance data given in Table VII and
Reference 1. The calculations, except for the modes with
base band voice modulation, which are contained in Appendix A,
were performed using the power margin equations contained
in Reference 2. The analysis contained in this memorandum
includes tabulations of predicted power margins for selec-
ted downlink services of the possible downlink antenna
combinations between the IM, CSM, MSFN 85' and DSN 210';
in the downlinks using omni antennas, both the nominal case
and the special case of "on axis or bore sight" transmissions
are considered. For the CSM, tabulations of maximum communi-
cations ranges of selected downlinks are also included.

II. Results

Results of this analysis are summarized in Tables I
thru IVv. Table I shows the maximum communication ranges pre-
dicted for transmissions from the CSM omni antennas assuming
that the +5db bore sight gain of these antennas can be utilized.
Table II is similar to Table I but here maximum range predic-
tions for both the CSM omni antennas (assuming zero dB gain)
and the narrow beam CSM steerable antenna transmissions are
shown. Tables III and IV show the predicted power margins
for selected downlink services transmitted from the CSM and LM
respectively; in these two tables the margins for the omni an-
tennas are calculated using gains of zero and -3dB for the CSM
and IM omni antennas respectively. Note that in Tables I-IV
the magnitudes shown for total received signal power, labelled
Pr’ and the total required received power, labelled P are
taken from Tables V and VI.

min’

III. Discussion of Results

Maximum range calculations for bore sight trans-
missions from the CSM omni antennas show that in the phase
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modulation modes, low bit rate telemetry and voice can be re-
ceived with positive margins, at an MSFN 85' station up to
lunar range and in the frequency modulation mode television can
be received at a DSN 210' station up to 51,000 nautical miles.
To utilize the 5db bore sight antenna gain, reference 3 indi-
cates that the CSM's attitude needs to be remained fixed to
within +30 degrees.

Maximum range calculations for high power transmissions
from the CSM steerable - HGA(N) antenna show that all mission
data except color television can be received with positive mar-
gins at an MSFN 85' station up to lunar range. In this antenna
configuration the maximum predicted range for reception of
color television with positive margins is 151,000 nautical miles.

Table IV

Power margin calculations summarized in Table IV
for possible downlink IM antenna configurations up-date and
expand the analysis recently presented in Reference 4. The
results in Reference 4 were intended to be based on Apollo 12
mission parameters; however, some earlier parameter values
were inadvertently used that differed slightly from the Apollo 12
data. The corrected results show some improvements in the pre-
dicted performance from that reported in Reference 4; however,
this improvement is only significant toward achieving positive
margins in cases where the LM is transmitting in the low power
mode.

From Reference 5 "IM Antenna Systems Performance,"
James S. Kelly, NASA/MSC, December 1967, it appears that a
zero db gain can be achieved by the LM omni antennas over about
77% of its surrounding sphere. With LM omni antenna gains of
zero db, low bit rate telemetry could be received by an MSFN

85' with a Bit Error Rate (BER) = 10-6 and high bit rate

telemetry could be received by a DSN 210' with BER =107%,

Television

Television performance is discussed above and is
presented in Tables I-IV only in terms of the specified
threshold performance of television for Apollo 12. Regard-
less of the basis used for selecting this "threshold" perfor-
mance, arguments can be raised in specific cases for defining
a degraded picture "usable" in scenes where detail is not re-
quired and where that performance is all that is available.
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Television received at an MSFN 85' station from a CSM
steerable antenna at lunar range has been claimed to be "usable"
in Reference 6. If this degree of deqradation is considered
acceptable for a selected scene, then the "usable" range for a
color picture transmitted to a DSN 210' station from the bore
sight of a CSM omni antenna can be extended from the 51,000
nautical miles stated in Table I to at least 70,000 nautical
miles.

Conclusions

Margin calculations predict the following significant
capabilities for special Apollo spacecraft links:

CSM

1. Television can be transmitted with positive margins
from the bore sight of a CSM omni antenna to a DSN
210' station up to a maximum of about 51,000 nautical
miles. A degraded but "usable" picture may be re-
ceived up to about 70,000 nautical miles in this
antenna configuration.

2. Low bit rate telemetry and voice in the phase
modulated mode can be received with positive mar-
gins at an MSFN 85' station from the bore sight of
a CSM omni antenna up to lunar range.

1. Low bit telemetry (BFR =10 6) in the phase modula-
ted mode can be received at an MSFN 85' station
when transmitted from the bore sight of a IM omni
antenna at lunar range.

2. A DSN 210' antenna is required to receive, with posi-
tive margins, dual EVA data transmitted from a IM
steerable antenna at lunar range.

3. A DSN 210' antenna is required to receive, with posi-
tive margins, high bit rate telemetry data

(BER =10—6) transmitted at low power from a LM
steerable antenna at lunar range.

;Z? /UkﬁjgﬁftwﬂtQV:B

2034-NWS-ms N. W. Schroeder
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Appendix A

Power Margin Fguations
for Those Modulation
Modes with Base Band Voice

The following power margin equations have been
derived in a manner similar to that used in Reference 2 of the
text and differ from them only with regard to the changes
necessary to incorporate the base band voice modes.

The downlink signal is assumed to be of the form

_ e . _
Sd(t) + nd(t) = V2Pgr 51n(mdct + Rg51nth + y) + nd(t) A-1
th = mls1nwlt + n231nw2t + 0
y = m35inw3t + m4sinw4t + me + n.
P r = Total received signal power at the ground
g receiver
O3c = Down carrier frequency in radians/second
1/2
(8/N)
R = RO 1 (giN) = Gain of the transponder
g Tt - us turn around channel
us

R =vg1 L_ B G = Transponder constant for turn

° us around channel
Lus = Power output of the limiter in the transponder
video channel.
g = Gain of the transponder coherent carrier product
detector.
G = Combined gain of the transponder IF channel

and modulator.
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T B = signal to noise power ratio at the
o'u ts input to the limiter in the trans-

ponder video channel

total received signal power at the transponder
input

23

1.38 X 10 “7 watts/°KHz = Boltzmann's constant

A +B P = noise temperature referred to
u uu R .
transponder in degrees Kelvin
transponder noise temperature constants

up carrier signal power received at the trans-
ponder

input bandwidth of the limiter in the trans-
ponder video channel

up subcarrier peak modulator indexes in radians
down subcarrier peak modulation indexes in radians
up subcarrier frequencies in radians/second

down subcarrier frequencies in radians/second

peak modulation index in radians of pseudo
random range code

approximation of the thermal noise power
retransmitted by the transponder.

1/2 1/2

"o |l+k _ (S
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kus = /4 for (S/N)us < .035 limiter factor for
limiter in transponder
= .68 (S/N)us + .76 for .035 < .35 video channel

= 1 for (S/N)us > .35

B, = Bandwidth of the transponder video channel

my = Effective peak modulation for the baseband back-up
voice modulated directly on carrier.

nd(t) = Thermal noise added to received signal by ground
receiver

Downlink Subcarriers

Power Margin = 10 loglO Pgr A-2

P_.
min w.
1
Pmin w., = A.B
1

Y
d Wy dwirKo

2k
ds Edw.— Tdw. né] - 0t(':iCBdBuo.Ydu). KO
1 1lr 1 1lr

) 2 2 2 2
t3e = Jo(Rg)Jo(Nu)Jo(mi)Jo(mj)cos (m5)
2 2 2 2 2
udwi = JO(Rg)JO(Nu)Jl(mi)JO(mj)cos (ms)
Buw.
_ .2 2 2 2 2 i
n, = JO(Rg)Jl(Nu)Jo(m3)JO(m4)cos (m5) Bv

deir = AntiloglO 'Required signal to noise ratio
in dB for threshold perfor-
mance of subcarrier channel
divided by 10.
Bw. = Predetection bandwidth of subcarrier channel.
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i=3o0or 4
j = 3 or 4
i#3

kds is identical to kus except that (S/N) =

gr
KoBgsTd
B = Input bandwidth of limiter in the ground station

gs video channel

Range Code

Power Margin = 10 log10 Pgi/// A-3
Pnin co

AdecorKo

dco 0deBdecorKo ~ Ydcor Ne

P . =
min co da

.2 2 2 2 2 2 . 2 2
C3eo = Jl(Rg)JO(Nu)JO(ml)Jo(m2)Jo(m3)Jo(m4)51n 0cos mg

Yacor— Antilog10 Required signal to noise ratio in dB
for threshold performance of ranging
channel divided by 10.
_ 2 2 2 2 2
Ne = 2JO(Rg)Jl(Nu)Jo(m3)Jo(m4)cos m

/s

v

10 loglo P / A-4
gr
Pmindv

Baseband Voice

Power Margin =
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Ad Bbv Yav rKo

P . =
min v o ay.K4c T YavrXo Bav %acBa = 2 YavrFac"av
2 2 2 2 . 2
%3y = JO(Rg)JO(Nu)JO(m3)Jo(m4)s1n mg
B
2 2 2 2 2 av
gy = Jo(Rg)Jl(Nu)Jo(m3)Jo(m4)cos mg E;_

de = Post detection bandwidth of base band voice

kdc is identical to kus except that

(S/N) = Pgr ady
K T.B

o d dc

Bdc = Bandwidth of downlink carrier tracking loop.
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TABLE VI

TOTAL RECEIVED SIGNAL POWER REQUIRED FOR THRESHOLD PERFORMANCE
OF APOLLO COMMUNICATIONS CHANNELS

PHASE MODULATION MODES

CSM LM
CHANNEL W/OTHER SERVICES MODE SIGNAL MODE SIGNAL
TRANSMITTED SIMULTANEOUSLY POWER POWER

UP  |DOWN | | iaw) UP | DOWN (dBW)
(USING A DSN-210° OR MSFN-85’' GROUND
STATION POINTING TO THE MOON AT
ZENITH)
1. 51.2 KBPS TLM W/ 1) FULL MODE* 6 2 - 1384 6 2 - 1395
2. 2) VOICE/BIOMED DATA - - 139.0 - 1 - 140.2
3. 3) 51.2 KBPS TLM ONLY - 13 - 1411 - 13 - 1420
4. VOICE/BIOMED
DATA W/ 1) FULL MODE* - HBR TLM 2 - 141.7 6 2 - 1414
5. 2) FULL MODE* - LBR TLM 3 - 146.0 - - -
6. 3) 51.2 KBPS TLM - 1 - 142.2 - - 1421
7. 4) 1.6 KBPS TLM - 4 - 146.4 - - 146.7
8. 5) VOICE/BIOMED ONLY - 12 - 1473 - 12 - 145.7
9. 1.6 KBPSTLM W/ 1) FULL MODE* 6 3 - 1495 - - -
10. 2) VOICE/BIOMED DATA - 4 - 150.0 - 7 - 149.2
1. 3) BASE BAND VOICE - 8 - 150.7 - 4 - 148.3
12, 4) 1.6 KBPS TLM ONLY - 5 - 158.0 - 3 - 157.2
13. BASEBAND VOICE
W/ 1) 1.6 KBPSTLM - 8 - 162.2 - 4 - 162.1
14. 2) BASE BAND VOICE ONLY| - 10 - 166.6 - - 166.3
15. RANGING W/ 1) FULL MODE - HBR TLM 6 2 - 148.3* 6 2 - 146.3%1
- 150.7*%* - 149.8tt
16. 2) FULL MODE - LBR TLM 6 - 147.0 - - -
17. 3) RANGING ONLY - 163.4* 1 11 - 164.2t
18. KEY ONLY - 6 - 179.4 - 6 - 181.2
*  CALCULATED FOR CSM OMN! - MSFN 85’ LINK
**  CALCULATED FOR CSM HGA(N) - DSN 210’ LINK
t CALCULATED FOR LM OMNI - MSFN 85’ LINK
tt+ CALCULATED FOR LM ERECTABLE - DSN 210" LINK




TABLE VI (CONTINUED)

TOTAL RECEIVED SIGNAL POWER REQUIRED FOR THRESHOLD PERFORMANCE

OF APOLLO COMMUNICATIONS CHANNELS

FREQUENCY MODULATION MODES

SIGNAL
CHANNEL POWER
(dBW)
(USING DSN-210° OR MSFN-85° GROUND STATION POINTING
TO THE MOON AT ZENITH)
CSM
1.  1:1PLAY BACK VOICE (70% WORD INTELLIGIBILITY) - 139.0
2.  32:1 PLAY BACK VOICE (70% WORD INTELLIGIBILITY) - 135.2
3. 1:1 PLAY BACK 51.2 KBPS TLM (BER = 10_4) - 136.0
4. 32:1 PLAY BACK 1.6 KBPS TLM (BER = 10'4) - 136.0
5.  32:1 PLAY BACK 1.6 KBPS LM (BER = 10'4) SPLIT PHASE TLM - 133.1
6. TELEVISION (BLACK AND WHITE) - 1325
7. TELEVISION (COLOR) - 124.0
LM
8. VOICE (90% WORD INTELLIBIBILITY) - 132.0
9. 51.2KBPSTLM WITH TELEVISION - 131.6
10. 51.2 KBPS TLM NO TELEVISION - 133.2
11 1.6 KBPS TLM WITH TELEVISION - 140.2
12. 1.6 KBPS TLM NO TELEVISION - 141.8
13. EVA (DUAL) WITH TELEVISION - 126.6
14. EVA (DUAL) NO TELEVISION - 127.6
15. TELEVISION (BLACK AND WHITE) - 1325

16. TELEVISION (COLOR)

-124.0




USB SYSTEM PARAMETERS USED IN CALCULATING

TABLE VII

COMMUNICATIONS MARGINS
(TAKEN FROM APOLLO 12 DATA}

PARAMETER GROUND STATION CSM M UNITS
RECEIVE CARRIER 22825 (LM) 2106.406 2101.8 MHz
2287.5 (CSM-PM)
2272.5 (CSM-FM)
NSD CONSTANT A 210 (MSFN 85’ AND | 5800 3600 DEGREES KELVIN
MSEN 210°
STATION)
NSD CONSTANT B 3.05 0278 126 x 10'% DEG/WATT
IF BANDWIDTH 48 46 a3 MHz
VIDEQ BANDWIDTH - 17 18 MHz
RANGING CHANNEL CONSTANT - 48 55 -
CARRIER LOOP BANDWIDTH 50 800 1100 Hz
POINTING LOSS 0 0 {OMNI} 0 (OMNI) d8
0.2 (HGA) 0.5 (STEERABLE)
2.0 (ERECTABLE)
POLARIZATION LOSS 0 0 ) dB
TRANSMIT POWER 104 13.3 (HIGH-FM) 18.6 (HIGH) WATTS
12.5 (HIGH-PM) .3a(LOW)
125(LOW)
ANTENNA GAINS (TRANSMIT! 52.5 {(MSEN 85') o (OMNI) -3 {oMNY 4B
60.5 {DSN 210°} 8.5 |HGA-WI 20.5 (STEERABLE)
184 [HGA-M] 34.0 (ERECTABLE)
43.0 (MSFN 30') 25.8 [HGA-NI
ANTENNA GAINS (RECEIVE) 53 (MSFN 85} (OMND) -3.0 (OMNI) dB
61 (DSN 210") 7 [HGA-W] 16.5 (STEERABLE)
24.4 [HGA-M] 31.7 (ERECTABLE)
44 (MSFN 30} 24.9 [HGA-N]
TRANSMIT CIRCUIT LOSS 0 -1.8 (OMNI-A) -3.4 (OMNI) dB
-3.8 (OMNI-C) -4.5 (STEERABLE)
-5.0 (HGA) -8.3 (ERECTABLE)
RECEIVE CIRCUIT LOSS 0 -25 (OMNI-A) - 5.4 (OMN1) dB
-4.5 (OMNI-C) - 6.0 (STEERABLE)
-5.6 (HGA) -10.3 (ERECTABLE)
REQUIRED SIGNAL/NOISE RATIOS
PM
- CARRIER 120 12,0 12.0 a8
- UP VOICE (FOR 90% WORD INTELLI- - 100 10.0 dB
GIBILITY}
- UPDATA (FOR A MAXIMUM MESSAGE - 10.0 10.0 dB
REJECTION OF ONE PER 1000)
- DOWN VOICE WITH BIOMED (FOR 90% 80 - - dB
WORD INTELLIGIBILITY}
- TLM-51,2 KBPS (FOR A BER = 10°5) 8.0 - - dB
- TLM-1.6 KBPS (FOR A BER = 10°5) 59 - - dB
- RANGING (FOR A MAXIMUM ACQUI- 32.0 - - dB
SITICN TIME OF 60 SECONDS)
- BASEBAND VOICE 4.0 - - d8
- EMERGENCY KEY -105 - - dB
PREDETECTION BANDWIDTHS
- UP VOICE - 220 220 kHz
- UPDATA - 220 23.0 kHz
- DOWN VOICE {SUBCARRIER) 42.0 - - kHz
{(WITH BIOMED DATA)
- DOWN VOICE (BASEBAND) 2840.0 - - Hz
- TLM-51.2 KBPS 180.0 - - kHz
- TLM-1.6 KBPS 7250.0 - - Hz
- KEY 1350.0 - - Hz
- RANGING 1.0 - - Hz
RHO (FOR PM BACK UP VOICE, 24 dB - 66 66 -

CLIPPING)




TABLE VIl (CONTINUED)

MODULATION INDICES IN RADIANS FOR THE PM MODES

MODE UPVOICE UPDATA RANGING
UPLINK 1 - - 134
{CSM AND LM) 2 1.85 _ _
3 - 1.85 -
4 1.2 - .38
5 - 1.2 .38
6 1.0 1.0 .44
7 1.1 1.1 -
8 1.2 - .38
MODE NORMAL VOICE HBR TELEMETRY | LBR TELEMETRY | BASEBAND VOICE COMMENTS
DOWNLINK (CSM) 1 .70 .96 - -
2 .70 .96 - - WITH RANGING
3 1.2 - .70 - WITH RANGING
4 1.2 - .70 -
5 - - 1.6 -
6 - - 1.0 - EMERGENCY KEY
7 - - - - RANGING ONLY
8 - - 1.2 .70
9 - - 1.6 - WITH RANGING
10 - - - 1.2
1 1.2 - - - WITH RANGING
12 1.2 - - -
13 - 1.1 - -
14 - 1.1 - - WITH RANGING
DOWNLINK (LM) 1 1.3 - -
2 1.3 - - WITH RANGING
3 - - 1.3 -
4 - - 1.3 .80
5 - - - .80
6 - - 1.4 - EMERGENCY KEY
7 1.3 - .70 - LOW POWER MODE
8 .73 - 1.3 - WITH BIOMED SUBCARRIERS
1" - - - - WITH RANGING ONLY
12 9 - - -
13 - 13 - -
14 1.3 - - - WITH RANGING
15 - 1.3 - - WITH RANGING
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